With the extensive increase in the utilization of energy resources in the modern era, the need of energy extraction from various resources has pronounced in recent years. Thus comprehensive efforts have been made around the globe in the technological development of turbo machines where means of energy extraction is energized fluids. This development led the aviation industry to power boost due to better performing engines.
Meanwhile, the structural conformability requirements relative to the functional requirements have also increased with the advent of newer, better performing materials. Thus there is a need to study the material behavior and its usage with the idea of selecting the best possible material for its application.
In this work a gas turbine blade of a small turbofan engine, where geometry and aerodynamic data was available, was analyzed for its structural behavior in the proposed mission envelope, where the engine turbine is subjected to high thermal, inertial and aerodynamic loads. 
INTRODUCTION
The aim of turbine in an air breathing engine is to extract energy from energized fluid (high temperature air). It is true that turbine is designed based on the principles of aerodynamics and propulsion but the physical existence and operation of turbine is very much dependent on the material selected for its manufacturing. Usually gas turbines are manufactured with high temperature resistant materials, for example Inconel alloys, Nimonic alloys, etc. These alloys are Nickel based and can be precipitation hardened, due to which these material retain their strength even at high temperatures. Also some of them are creep and corrosion resistant at elevated thermal conditions.
Typically the turbine blades for high performance gas turbine are designed to avoid failure of material during extended high temperature operation. The allowable stress level will depend strongly on the operating temperature and may be specified as a failure limit (mostly yield strength). It is quite common to see materials compared on the results of measurement of stress to see failure or rupture.
Immarigeon [1] has done a comparative study to specify materials for turbine keeping strength to weight ratio in due consideration. Singh, M. and G. Lucas [2] has provided a detailed literature review for design of turbine blade for industrial steam turbines. Boyce [3] has discussed compiled the problems in gas turbine industry in general. Glenny, Northwood, and Burwood-Smith [4] have provided data of materials along with their recommendations for the development of turbine blade. Also Special Metal Corp. [5] has provided information of materials recommended for manufacturing of turbine. Similarly Meetham et al. [6] has discussed materials which can withstand high temperature conditions.
In this effort we have tried to select best suitable alloy for a particular application of the turbine using computational modeling technique using ANSYS® Multiphysics package based on FE methods was used for analyses purposes [7, 8, 9 ].
SELECTION METHODOLOGY
A selection plan as shown in (Figure 1 ) was developed to select the best suitable material for turbine manufacturing. This was a two-stage process, where initial screening has to be done in first stage based on linear stress analysis results and final screening has to be done in second stage on the basis of non-linear stress analysis results. In the end, final selection has to be done on the basis of criteria keeping in view the material's mechanical properties and manufacturability.
MULTIPHYSICS MODELING & APPLIED LOADS AND CONSTRAINTS
For Multiphysics FE analyses, CAD geometry was built in Pro-E CAD software [10] as per design recommendations of aero-propulsion experts shown in (Figure 2 ). This geometry was imported into ANSYS® modeling environment by converting CAD file into IGES format [11] . Additional trimming was done in ANSYS® modeling environment. Finite element model was built using suitable element types according to requirement of analysis. Mesh sensitivity analysis was carried out, to have the mesh with an optimum number of nodes because an optimized mesh is capable of giving accurate results with minimum utilization of computational resources, which actually saves time.
To run Multiphysics FE analysis [12] constraints are also required to be defined. So keeping in view original conditions, constraints were applied on the Multiphysics FE model of turbine blade. All nodes at blade-hub joint as shown in (Figure 3) were constraint in xdirection except corner nodes, which were constraint in y-axis and z-axis as well as shown in (Figure 4 ). These constraints were selected on the basis of experiments, carried to find out Boundary Conditions (BC) suitable to take thermal loads along with other aerodynamic and inertial loads without showing any rigid body motion.
Initially Mechanical properties of Inconel 718 were taken for analyses of the turbine [5] . 
LINEAR STRESS ANALYSIS
Linear analysis was performed, keeping in view the advantages and limitations of such an analysis. As far as advantages are concerned, much generalized inputs are required for defining a material model. Also computational time for linear analysis is far lesser than nonlinear analysis. Results of linear analysis are accurate up to a proportional limit. Other than material mechanical properties, finite element analysis also requires meshed model with loads and constraints specified at correct nodes. Care is to be taken that loads or constraints must be applied correctly otherwise results may deviate. Solid model of the turbine blade was meshed with Solid 45 Brick 8 Node element type ( Figure 5 ). Loads and operating conditions of the turbine were applied as per the specification of the aero-propulsion experts (Table 1) . Aerodynamic load (Pressure difference on lower and upper surface of blade) was applied normal to inner blade surface, thermal load (temperature difference) was applied throughout the solid blade and inertial load (centrifugal force due to rotation) was applied as body load. Mechanical properties (Young's modulus, Poisson ratio and Coefficient of thermal expansion) of high performance alloy Inconel 718 were used for linear stress analysis. 
LINEAR STRESS ANALYSIS RESULTS
Linear analysis showed no significant variations in results by varying young modulus. Also results showed higher value of stresses than the actual values. Effective (Von-Mises) stress [13] contour plot was taken as output of the analysis ( Figure 6 ). Maximum value of effective stress was taken for comparative study, as discussed ahead. 
STAGE 1 SELECTION
Material literature was searched to find a suitable material for manufacturing the turbine blade. The search ended up with finding a material handbook [5] . This material handbook specifies the mechanical properties of high performance alloys that are temperature resistant and recommended to be used for turbine blades. From this source, 21 types of Inconel alloys and 12 types of Nimonic alloys were taken for initial comparison (Table 2 ). An initial comparison criterion was set as the UTS of materials. Materials passed the criterion were selected for non-linear analysis. As we have the idea that obtained value of maximum stress is higher than actual value, so to be conservative in approach, materials having even lesser value of UTS than maximum value of effective stress obtained were marginally accepted for further analysis.
NON-LINEAR STRESS ANALYSIS
Non-linear analysis is material specific where all inputs as specified for linear analysis remain the same except non-linear analysis requires stress-strain data of specific materials to evaluate the stresses. So, based on data available [5] stress-strain data was taken and used to perform non-linear stress analysis.
For this sort of analysis, a solid turbine blade was meshed with Solid 186 Brick 20 Node element type ( Figure 5 ). This element type was selected to include geometric non-linearity in consideration which was not considered in earlier analysis.
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